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h< v Jo - . } ;< < . ^ < process d jvxr 
f ■> ,) i , i < 

mure :H.:rnbs;-' ot cxocohc-o wrist's sr: !hs5 comsTswrsicsssSson 
process poos :s ostehosSKod This rnsrsimusYi ruimbor os 
. < , , k > iiitt < ^ . t ^ j 

>t "ir ' - The nwioium nurobor os cxseoiso!^ 
s.is'iiss i;s is;-; upper Pound so 'supuor; a peak ckar-i :«d 
0,'f v o > s ^ , - -.s re- 

v ht ) - 

v< 't! f brss'kj a cusrers; rsorober t s-xec-jtion onsS'5 < shs; 
ran u - wmo p o ;s< cvor so n > f - 

osisrsbtsr of axecoUGO usobs if so. sbii cik.-sn reqsjrusb & so- 
rt gxecutsor* 

;.;oi; , Sse sequo-so v bnoc; 1 number of ssousiprseo 
she t&tsfminatsons aos nspspoks ^ .-udioriing o;> 

V V>\ K i 1 ^,1 ,'?\ 

oiioo; -i „ ^ uoorsodoxsou'ioo ,o >- n 

tK <.(, nut pix>; peskxPcfsiiy roviirVi's-i so rie- 
rre^: 
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p<asefiptf»n 

- \n i fly ^ <\}f .on 

ivhiab teokkate sack aonxnnnicakon. Mors- pameaiany. i! raiaxx so an obiaci onsntsd coasfaanicsbon interfaco lor 
i a aocass 

}rs tfi* vmy eady days of arxripsiinp, nornpsie; systeias axis teanobkona sroaeseoer. io vexed paapbaab daviaea 
sued as displays, ana panic; s sad sxnf devices were aorereared back cornpaien systera was rxfeceadex: and mere 



backel kXonaacpxkeaeaecr; texteoi Excd.sr.oo eixbabaXk Giber ccxeasra.eaia.x exaeoab aa> «r:o-,v. and xidoiy used 
and described ra vaxkxa; sianoards of i&O. ibbx and rxbef an:arnaanons lb faciiikine an yrteera!and:np of tee erxnpete; 
asfworb ins network baxteops aad associated sobware are often described as a seaes of layers Dads a snsfer oefweoa 
a; copy of i f c py r c a - so i ed 

by sstisg. tea services of an andonyinc, serss of bonaasnaabon layers Gerxanly sac;- < in one cosrrptesr system 
aas a coaoxrpaa iaykx in aoa nnxeateg ooaxn.prx system so baa oanb layer conxnnxcax-s wkb aaspeoiioo peer layers 
I . esven , X ^ Systems Irtexxxxaot (OS!; mode; n ana a; 1 \ known desonpnorx. oi network com- 
ixnniaatinsa eabxxph many ceramaeicaaea asrbexnni.eions xraxxx.- or ana; one or moan of tee Ore layers in OSi. 
tee pbysxsi! layer a:- tea tewnasi iaya: which :a;eeia;ib diiacby oath tee network. II tnsiixias ibo aoUsb bit sneae-i trans- 
mission acrasa Ida pnysxab ccxrxcnoxs to baa network, Tbo second layer is tee daiaknk layer wtecb proyiden rnuiik 
pawing and: darning at tea; anyaloa! ;aver sbeax into messages, i; also provides if dnieokorr h Im m- 

provided in tias , - Soexaaaes aekixnnxarpwaaak a; date delivery is aeceaxiakxte : r; rna. iaya;. sometimes, m 
daiaknk layer 

I \ knxta < f > kas sraraiposi iayet ^ noanxks { -a < . deianay ;aaiiiplaxrr:p and ;aa»p;na. idaiiadie 
delivery ao oppaaar; a> aeai odor; in tea layers erao\a ;s acccaiakaPad by t iayer k Onsiraa r:y bio t it ° 
suna as feirfiaarnlsaioa id raraaina daia. a;ordaan-p ak data dt;iivaresi cat of ottiar and aaaeiraan o; ifananiia'apr; enaas 
pip aaaaiiy aeaaaaaiak^ed re das lays;' Tbo inkh layer rs iho session layer vaacn aaes das irkorfaaf ion iroat tea -ransporf 
tt > ^ t. >. \ ! > v iia 

abld layer aiks piasenfaaoa , arnica ;ack.teps i sdarfaca dete'aen ine season layef and fba savaaid layer h<. 
f : pp;;;:akoa The presirraaliia-i irivar praaetifs b)e ;nbaTnai;or. ;o f > ; ; - ; a-t; appijcrdKin layer wkPoa; acar:prc;ra;sinp 
tfte " etpiu oi Idar sassarr: layer. 1 be p;eseraaaori ;aysi proaidea de;a aiererraaaa;': and lornasi and node daasforreaiion 

sabiaya; hiyJ das baslra; link ocndoi fkCeka aiadayai. Modirr aaaas;, e;ad;ai iaraaapirs iia; rnedieas ancaas atiachrriijni 
in sis coaao; <aasasa io iho coaa-nariiaaiiaas madia. Ins ioaiaai link aordroi arovteos siaie rnaeains ior sapaoriinc? tea 
paydaaa; ;p;aaa!:aa ay ;ra aasoaiabid rii;:;a i;rte aamrak 

Anotear well known lennaoioey is capea; aaenfsri p-'coranariifig aaaafi raaapa-daiea darn aab meilxafs irsio a pxa 
praoaning aanly aallad an aniara; Piy orra:<?,-a; : aa aaaa.;;; aadi'irxk; aad date tenpwgh a paakc. iaardane, ;as abirsoi rairp'Uod 
pioqrarf) oars maakae eaen cornpcaaad irorn afvafaans ;o oihc-r irorapcaaras ye: a-ravida ilea naeded feacironi wt*5 a 
i nr n i roproprarnakiXf, dor aaaa baokproand rnforaaraon on obiaai: oraaasd leenaoiopioe, ccncapra ;i:aa 
a) t reader js refrarrar; ' r te a< s , » d- ^ ' t a Boopii (Tiw Baa- 

Thars hpve been pravraas aifaiaafa te apply ab-eci or:e>dad iaal'aK>icpy lo ;ba qenerai v. of oofamerncanor; 

e>:>acada:^n tinip, ;n a srayes ayaaaaa ibo poof alavainp :o a nornn]nn;na;;aa naxaas iaalwoan ckant and saraar praaaaaaa. 
fiia aseteod nofaar:si;ig fba sieps oi aiioaarJog a rainiiaam and a raaaiiriua: rsarnbar of axaarkioa - in x a) w 
^ - a i •> < - v - < - - a ! - 

nxanrnsxn nanXnx of aarroa nor: ;x;;s an [jpaor ixraa;; ;o sapp-ar; a peak elisor kaac; aalixa.a aaaaoaaifio ikia saaa'ar 
^pt l\ -i te i " - * t 

araaarenp an axeankon ;aa; to tea feaaaaid aiiaal rraxiea; won id bang a oextird rxmdxa ol e:<rxa.a:on anks ;n ;ha com- 
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estecstiort ^ to a Client \ mating request over an ai;ot;eo ! *- « sxeoalsoa units ior ins sitent ■ask, ana 
;f so, ritjectka, - - reotsast, artd - rv the otters raqceat ;S the ft i skrpe 3m negative s;o that an 

,m > ! <5 1 

\t OA \, * - 

poos of execution units ib a sector system ihs pooi devotees to a eoi-tsratnicahon process betyvoen eik 



execrooa nasi io the rececaro rsiee rooneas ooeic: hatca a cat ■rent aarseer of aseipaea oxcevhoa easts, ro a aitcst task 
making the neonest over an esfoited nernbstr ot execution snits tor the eSsei tos* and rasacs ks gasrSina the ;hieet 
request it ihe etsfon-ciraaq moans esroessh last a:: execution cot to the eornaisaioniion process poos cat: assignee to 
the dieo! toques; 

it, < , < • i. v - • v - i ft' fi vfl 

corspster re-odabto esodaira ior ayaaraicaik managing a poo; of exsceiion sots in ,a server cysiens the pooi devoted 

at u j v eat > U . t 

sysssm *o aiiocaki a rciomaro mo; a naroaaaa am-abe; of oxecntsm acid; :n ;aa cansosaicaaoa process poo!, tea 

v in 1 a > a < - - - ! stay to scopor j card, the a i ai a 

cveoatioa setts ari :.;ppgr bound to sa apart a oeak esse; toad vntnore ovahooctieg tea server system, i-aeaaa for cassing 
the sty-stem to receive chant requests- tor service dy test sterner sty-skao: means; ha cassiao the cystee; 5c detemoae 

> b < < v. k < - \ 1 < 

ioa - oak ego < 5 ots tor t ask nd 

i f i s. t n at 1 

ooronoeracaaoa grcsecs coot can assigned to tnsciieat request. 

in a arekraed embeOimeei of the a;es;ers invention, there is, provided s system for aynanacaiiy messaging a pooi 
t >:ecatiot-i n ?v< v the poet ttissveted to a ecma^iotca < s: t 

Mi 1 ii > ^< > I * i > v 'tie 

'i a aaraect- ot exeeatioh stats a ins aerobes- t^ccecsary to sapper; a fypicat ^ - * The ataxintern it » 
of exacniien athfa is art apaar doaao to capped a petsk siatat iof-d tviktoat rjvstricsotiaa the satvar syataax As ctiart! 
regacstc tor service are received by kis sctver cyetee'!, a nerseer ot deietnsnatioec ate toade. i; ;a eeteirriiaed whethet 
asstporro as exsoehoc cait to the rsesea; ooate bring a etrrisat sraeaet- at sseosrsoa enits in the ooairnunicatioo 

tfte :e;a.ac5t rrvatr f-n aiiottea atirrstss ot' tt.x-aoad itt.st aratst to; trte rssra; tst;;k it so the abas rtxprest; a reiented Tt?e ctterii 
reqaest < the defesoinahoes arc negative tnerooy asaictaae an exeesaoa ctat srt the con-vrssacaaon process poot to 
in cttstat rstqaijsi. i nunb;e: ai encase extKCtiasi rtrato ;n tea corriracnietiiior; x is ceri;x;ii:aliy reviewed to detee- 
otae vvnssbei- •; sSioaid ite tnt ceo to ertprra 

Pretarred crobodia-ttrets of tire present invention adit now he tteaoabett oon retarance to the accrxapanytr-ig daov- 
irtec, in watch: 

u 1 rtepictt; a soirrrcetst: sysSeiii cc;ktgnro;i airooidffKs to res erabodietstra o! ttie ercserti 
i 2A itiastasfsts r; aiitttts hietaaa-ty for netvroib , t mc s ohieet: 



K >- i < it 

FIG. 3A showe a sieso dtagram for the connection onsnsed traastitone: 
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GG 38 ;s a rCaa:.- Gapaar: of the aoaaeaGaaass state texrPbana 

PIG. 4A skews, axs c;ass- ft GG ft > % tor TOFaF aaxbodlnxr-n; - Go savgnkoa 

c G -18 k- - ~ . •> \ ; c risn 

FtG. S G an araukeetai 5-1 ckagaxn a? Go aaaosa obyxas :a iGs-k narwo.G layaa, In the network c-:x;nec2oa process 
tor' th 1 . i > 

FSG. 88 - x •■ . v , paxaxx, ^ caiiestGg exeats Pxrx a single soranxaxsakan eadpemb 

FIG 60 is b2gw diagram to; tae process lor ocdocbng events Gxn ex-lkpk? caraexeacaGrn andoosXa: 

FSGs 7Aand73BexxoG;as;aa2<;;;xe;;srsa:Pate;aaa las ;xsrx;pa;papooiGS 

tlxeacG u baadxip G;eG recesesis < a aeswoG protocol 



Fits;. SASIa see IGw ssapsaex, at tee rsaaaacreer;: process; far ax; pool of oc-exeyxscsGoa -bread;; 
i > j 9S are slass Gerarshy aapparna far netvxsk apasaPoa objects: 

u °< < \ > i at i v - 

GG ?*'!•<>] h - ^\<a c i ! a nabvx r v-anaon a 

Hi ki t i i i "> > 1 

1 I a i t ! i a t it a! ; ! t 

sysieax.. Tba eoaxaker 1 < k example, a persosai oornpexa. a a scrapsex. rsaapirsnx; carastees a; a < a 
pGor fbeGag la a GskfbeteO network o? Gber computers. Apposed N soecAe cbo«s of cosxxpor ts *f J dp 
disband i storage ex-;arerneaSs. ooexsa'ers in G IF>;V1 PC series of ooaxakers soak:; be ssebaa Pse prsseaS mii 

Cn l C <aa a s ^ ^ ^ Xv G 0 ^ <X t ^ v s v ^ 

i i K A i - a s " - - 

Mo, 382X3-9822-00 One oseextlag: systee; xRsb aa I SG pa; sons; eoropGsr , ; , - :B3G- OSa? Gasp 3 0. For nxb'it 
apo;aa;p;aa oa ina ;SM OSG W?:rp a. 0 Opaapiap Sy:P:«;a. bus raadsa s raaxax-; G, CpSGjaaa aa^ 

c-a the AIX ( TM) aparai--;p ayaaax Tba v';-:;a->:.;:> raocick- Di : ilx; RkkC Fy;a.aa;G000 ;;; aasakax; ia :a;a;y p-jbilciiiicaa of 

■no k Caax>ax>a:- : :a; ax:; ; axPo. , ; 

.Iklala'kkak- askxaixax Cap;-:;; ka> 9A;?3-2S44--C;0. ':'Pa Ai X c;-pa;a;;:X; syaiara ;a aa aaioa;:: ; a akaxapp papaxpika aaa Pp: ;; 
;aSbPkk:L:.:.Pb>Ukk.iaiaaa fGaXaaGa: Ho SC23-2k0aa}2 as wak as oxsev paak;.aa<;as a! Pio IBM Corpora- 

b': FkC r , a co;xaaba- 10. cor;;pr;:aap a syabaa aak k- a kayixxad 1 k. a ;t;oaao > 3 ar ; a a;ap!ay 1 4 ara riapaaod 

;oaapc i ana by a vac * awe ^ ^ , - ; a , w 

paacasaor 22 ;:s ccnaackxi so (pa system bus 2; sad is suppoaab by aaad oa^y axiaxxy fROkp 22 aaa a; : aaaai ;x.caaa 
- . X , 1 s ^ , - i csix; of 

kx> iitm G;x;G of nxcac-paxa;ssoaa ;ncis.biap Sba 226 c; 426 aiicrcprccassora. Howavar caxx ;xaac-prax:sa.5&ora iociad- 
•ag. bat ao; krakad ia P4a;oaxa2 faaaiy af aacfoarcaaaaaoa; sack aa 2-;a 6SO0O. 62C20 or ;aa 28022 axa;aaa:aa ; ;ax ; ra 
arid yaacas frsbucea bstracaoa S$S Ca;xa;,k;x ;RSSC) ■rxaoprocsssora saxxb as bx; PowerPC chip ::);5:;aSackaax; by 
N ^ j f ;5 P.adaxd 2>anG 3 ^ XTtpake 

The ROfa 22 cafXasaa aaxax; oiGx coda tfxj Baa;;: if-pai-Cakpa; aysterr; (BIOS; wistcb cork.aka f.as,(a aaa.P-yars 
opaaatoas sack as- > s ^ •> aad Go Gsk drives- aad < keyboard TPs- RAM _ « axs :xa:a ;xamory :n1owb:CP 

;ha apt>a;ar;p ayskaa; aaci rp>aka;;ikor; prcaxams ara loabab Tba r-ajfoc-y ayirisiaaxiaru Gxp 25 is aor;aeoxa} <o 2;o 

. ' _ ' s k! 

\ , v N t <. '' >a - , " 
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amount a? dasn, e g , a rnniPrsedre program or presentation. 

A!*© connected to this system >. Si c various; I/O compters Th» \ , a uum' 28, the oxsiiee ooetfosser 
£9. m vi«eo condoiier 30, and the audio comreM&f 3t . As. migm be expected, th« .keyboard cortffotUir 28 provides the 

< ess 12 'ho 

video fiOii; roi lor 30 -s toe hardware ioiodoco io- are display at and the audio ccnt-rotier 3'; is -he hard wars Ireertsee 
ios the e;a;ekore \ PC controller 40 such as 3 Tbkaa Ring Adapter enables - - ■> ' - P - < a a tw. A 46 ;o 
other siaaisPy coAlgsrsci data processing systems. 

carries " > readable eiior:r.npoa VPhiic if A coavcreera ;e ac scabs We ^yonaon in team f ^ ti v n 

be,! o? the !K the reader should remember that i of ihess and aira-ler leans ahoeki ba assranatea wPb the 
appfopaaai physical elements lAraher. are invention is often described in hams ot comparing or waiidahng or other 
forms >hs; cocki be associated with a human oearafes. No aeiioa by .a humaa opecsc; ;s desirable In any of ipe oper- 
ations deseeded Pored wbleh toon pari of pre present invention, c operations are rnacrp?-;© operspoos i - , im 
t t d i , k ^ 

I nalwo-x > which tea woiksiaPon ;a wPpsniued ;s a i.ocai Area hhework s s a s Area MebvoA Asa 
the labor cce ; paslng a hPeprocssswg eoaeocaoa re oinsr nodes or a nahvork ot systems operating under a i<now> 
computer SiChiisciUia At any of lha seaes there may he .ana or nana erocaewag systems each of which may be a 
Sincjfa soar o; a naria . : .;sor aye-Pan coaiigercc: raora or lesri. as daaariaed ansae These processing, systems operate as 
t j r i rv< t ! > s s s ! i r es in i k 

fks n-rap t m ' . > m d 

Bruce Churchi!! entitled Oome^ Published ay Robed P Brady ;A. Prentice 

Half Company 1983). 

api - vfN, c « a <^ is n< c > ■> - - i 

programming, techniqaes the <■ iiae sos?pPad Piaaa.apa. Proararna are wntlor; in a banian-readable scrip! and this script 
:s provided to another p-oeram eaiied a eprapiier to eeneaafe a ^ <.<\ a^ puraerre code , nan ha Soaded 
info, .«nd csecPy esrrcaaai by a ciorripuiee The C++ l.eaauage pessrasses ceria.iri oharaetc! isiies wt)ieh irPkav a aofiware 
deveioohi- io easiiy use prearaerr wr;P.en by oihors ^ . a A v- ^ ^ a - deal o; coaiioi ove; the reuse of n ^ 
v prevail; a deannnnsn r ; r inpntoaer i;sr; Tar: ' - + langaage is a ^ - a e <snd " ^ ^ idea and Pads rear avrahiida 
which descries the ianaesgs :,a chnaii. 

As PsiOvvn by those sklileo in ihe ara ehprsi-orienrad proeraiaaaag feeaaipaes involve the aoiiaidon. ereahora use 
- » J - u o PctpeoirP " oipeais tia; scrliOca'rr eaPPes aoarpfiaap , rpemrrrds: ;: ; rid ronUnas.. or i Ota o 
which raanipuhna rp s data asaoerua. yns data and rsiaiad raailaacis are a eeiea ay ran soi;aa;re as an aapty and can 
be created nsed aad drdeieci err serrh Tire cj.eta and tunePens erraaie carprcfa ■<, rra.vtr.P a>aiave.d;:i ijntisy m terras of Pe 
atPrleafes. aeiich can he pmseidsc; by the data eiaaieefs. and r;s behavior, ohoh can ae reprasenieci by its raetaods. 

Oiperas are da lined by ereaUae hsrarsaad wiacir a: re rso! repeals iheresshea. tad wtiiefs act iis ierrpPaPss which 
lr:si;\roi a co;-apPe; Paw ;e rajrwiruo ;pe ;KP;.ial cP.yerP. A class Ciay, for esaeada, spealiy tea ra.crrrier and type of data 
variables and the slops involves in ;ae functions aooh naaaraoafa ina data. Aa otrier:; ss aairtiiiiy creaprd in the piopracr) 
fry nseai'is id a sa-ecra! ferra-iori called a sosssncPa which urres -he C0i'resaefa:i!f;e rrlrrsa dafiniiior; raad a;Jtii?:OFi;;ti ifitor- 
rnriiioo. such as riap-iaarras provided deca;a ooiac! creipiaa, io coesprird ina object. Objecis .are oeenspyed by a spsaiai 



i in^" * lijtv c Mir 

s .tea > f ^ven ^ } ' 
d s ro ci, , > ^ bo \ \ • ^ ^ ', 

to faachea ciitfere.ntSy to produce coassaiefif rsealts. For axarapie. a:n add;t:c;n niiPicrx; may ha ciefined as vaoable A 
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8 (A+8 Tixs san r- xrrvaf c ' j or c % >il 

oeais, Hoarevea , actusf picgrore ocAa vahieh - • - the eddiaoa drffer aadefy ^ .. a o a or- she type of 

axanheay characters and dofSara; Altar tha rnetfsxai. have Dear: dofanx? a paxjrara can isaae mier to the .addiUon 
method ay ;ta eoeaaioa coeaax; ;A ; B: pad. dai'ioo compilation, ins Ca> <• cpaapiier vaiii dederrniss which at fhase nxa'tp 
xio to bo eased ey i 

A fhae p;ope;t : / e; objeei-eaeafad peagresaaaag is inheritance vP-ph aiiewa progeara deveiopere to ;ease pre- 
exiatuaj aaa:a;;aas raxaitonae aiiovae a sGihxiex aevoioper to dohae eiassea arid ;ha objects which are- a - f \ ,\l 

aiaaaaa. A sebeiaae aaaaaah' end has ricraaas to eli ok a ;;; peb;:;: as; vxaax: a; aa ease clasass aa asoaeh ;aaae fij aaia>as 
appeared ;e baa aeeeieas Aisxissavaiy, a eebeiass can override aorae or aii pf ha eaxaaed axaaboixs pi axey aapafify 
si •> k r 

! ak>ap » Sis ! 

i x ^ v. • j -aov--^ 

Astraxaph object exieriied pexaeiaxaing oiexa ssgaiPcaa; anpioveraeaisove; ottax proaxaaraaigeoacapta. prog axe 
devetopeseof sisif rogoees sigeaaiact oatiaye of tinx? aad estop, espeeaiiy ii no pra -eaisbng seseeaeA prograrns are 
rasxtabie ex exstiiioiAioa Ceosaoaoany. a sa; of preafoiiaed, :niereonaectad classes see aoreetiexia poxadad la create 
a sei et obiecbs end edeifioreb iniscesiaaeeos roehaes eexch eie a:; directed ;o pePceraiix; co:-nirioafy~eopoontered 
tasPe fa a paaiaoier eoviroceaeaa baica paepeaaed aiaaaaa and Horaces are paiseaiiy cafied dVameworks'' pad esaea- 
haiiy peaeide a paafaeacaied nirectcre <-or xaaaag eppiieaaioa. 

bo- oxaeeaip Saixeseexk ;o: a aae: axociacs; ra:gh: provide a as; o? praaipiiasa graphic jraaa'ace objeara witiah 
cfpofa wtfidcjvvs. sc;ols brasa axiaaa, ata. aix; eaaaaa; lac sappa;; ar : d Xaagxa'a ixaaaaioi for taaaa gapxaa ladafaaa? 
ofoiecia. Siaca ataay faaxfaaaaaa are based pa oSjC-cl -prieaiao aachatqaas fas praoefipaci piossas can da used as baaa 

ovsrdddrjp t aiiow povaiopars -p pxiaad fix; iraaaxaorK ara^ caaatp aaaaaaaaag aokaipas :a a partipaiar aoa pf aafax- 

t > ^ ' >t ' - >..< x v! ^ - i a ' }i> 

iroarawptx pipaipaa a-ahapraaaai aaidancp aad eaodeiipa and. at She aaaae haxp trapa a : a ciavpiapara ?o sappiy ppeaifia 
actioria aaspia:; fa ;ha p;pi;aan cxaaaia 

A n«W fa;aaoaiab< is pr;xac;ari by ' iaaaaaoo pascabod acaxa ^ prpvicia aotaaxx aervipas for f appiiaa- 

i n > stwo • 

T c;bjoat oa;;raari pfohxa;! :raeaaae t af;p f^xiabraxaai are deaenbad in ' aaofioa Tha geooia;: rnXsae ;ai 
rha. :afpPaaa eisabias tha daa'dopraara pf aay ipyar of fix; OSi aaaaork racaiai As suaia pa taa aahaork bppxas wPi hava 

proiOPOi.: o ca . TCP/IP; oaaypAai aap-iaaisaaa; aad iaapicaxaaaacaa? for atraiiii; iiiyoraoi arfiaaixa! paariaoi, a p Nfe! 
8;OS apcaaap of sap giffs:araaas in ipsgoaaaaaaea pi ;ap rossaaava iayars ia sap iwo aroiospia. Tbo aa.cate; aiso pro- 
v \ aiaraaxaarna rcr dakraap a raaiaxiaxrajaoa aatfpraat. i , ffai; aarsaraaa aap rconAaaryi rap areas: avoata_ B<ssrjg 
aa ppjpca taiaatad sarasai. a ;af;aa;s aii fhe faafaiaa pi <a;aaa raxiafod iax>ip;aaaAaa<;a aaca aa ctata rptxaabhay rpsra- 
i n ifxln i aaaiy b5 ppdafa ibp iaxaeirx^rapaoos vaitapai affaatiag the piaax aepiipeapna. 



a iarppgh iba paiiarara caaxaaoa oa;p;as aaca caiworp ciat- 
iriihoo oapiaf ooriiains axi ciataafa ; a of a aiaaa aaeaaoe. Thoaa aaa iba rasaaricixias fa-; axi ci:iiarar ; i iypes of c;b[oata 

,rn<5iPods Pa' : riaaaaiiraar : g Pia araipoiaf ar ; p caaxioyiag ax: aa; arecaicaaar: ar:apo:r : ; iasaex:atr;Oe;:aaaa> r : ;xf Dciaakaa- 
;aPaaA)aiirsi:ipa. ipappraaaiy. MciixasA fpi aoaafaxaiag a aaavv instance of TNaaaaorkDafaVitroa: or dosiax aaa ffai paa- 
ficaipr class oaiPc; sap aiao picvafsd, ihsss Piafnods are coaxaen to ai? tap obassss sad wiii ixat op repeated aefaw. 

The TAoo<5esDefin:tion obieca iOi coraoax; Siaa paatixa;! aaearaai! ooiyxas thai rfafiae tfia peitseaiar protcaxa fypa 
sad its iayprs. The TAccessOoriaifiea P&fPaf ipt aeives es the nandis for the aenxaixxceapa endpPint. in addition, to 
the oxahoba iabaaaxi froai i;s faafpfii. Tbief-ax:<rkDaf;raf:oa. the TAaceaf.OiPraiijpe ot;jeoi 101 aiso iaraada reetfiocia ifait 
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ado m Interface i&yer to the acorxss def AAon on Sep of the ones already added, Add so sop to isdd »> Aierfaoe 

so she AccsissisDofiivtion so she one* steady rsoded at she bostoni add to Poisons an;; to get she highest protocol layer 

j TEvsrPDAiaAory class i asonfxi rxsssvork events - ^ nsio 

class SO } v < \ t 

S, 

2 htesvaork Address Cisssea 

dress into a seeder, /xidross seAaaa nasi geshng She sxsdrnss taxa a header yVoefo.Addross There see operators to 
deseroaae vaheshsr ;s ssream is coisaag irno As endpoiA which or she stream A origsssnnp from She eridpoai; are aiso 
<$ part > she class. A meSSxA for petting a poese- which ;s anlqee ax each cAas AeiOAssAenSiAa. a provided oy 
class 

An AaSanoe at she TPiOi;x:oi Address Pass objeci ixavesas a eooeaia liosAoa enoposP eo that She arGiocoi .address 
can he passed Tia-s TProioooLArxifess ohac; fid ados eashcaP. tor peAap a broaocass address. Broadcast Address, 
and for gepsng a nor aadasss. NerAddress PsAecss. of -as AnarevvareAddress osgeP fie ease snsrdav.are addresses 
sd -o a.e anahsdssx': sssarAar The AAesPea:sAAd:ess sAyess f f 5 ssrssaay srdaia hisshods for qeAag a Seoadcast add?eoe. 
Broadcast Aedeiss and asanas, a aes address. PAiiAPdresr;. a .Aso adde a nasthoe for AsPac 'or a sesrAon.ai address. 
iaPanssioriai The dpyppapspg Address eAss changed the Ssasdv-ano rsass adescos oocorassg to trie SEEEEBQ2 3 ad- 
drsssiopeonvensAns in addAon. ;i adds methods tor SssSino for groep address isGeoep seising so Ae pasep address. 

Ase ; TAPAddf 1 f r and f A 1 TNpAodr are the rasa apses ol some concrete msPess classes She; reparians she TCP/ 
! i > i fPf i S i i t 

-net J v <. < t PS 



ST Protases Asehaso Oiassos 



The nv ^ sappoas doih iha caanocSlor: oriented j canrioeiioAnso mxieaciioa;; > it < doiaxlhos S stain 
machines thai a drosoco! inoepeadent aopiicatioaa vvoefd So: sow. The object AesnfAsy to; She protocol eaedace classes 
A PastaPed in SAG. PC. Tise proioeo! :rseAsce classes fire derived free? a nana olsrsa er;ai:<a ; ai AiPrenssoiSetae 133 vahicr; 
contairis raeshods Sor a:S she corrsnor: icactics^s that a pioidcoi aias; havo. Tp-s TProtocoAdortace ciass s 35 con!aa;s 

cirisstrir wiacr; dene;; i;o;n She TPrcMOiroiiriie-itaoe areas fee provided for Aa session Avar. T;A:ai:soaA;erfeao 137. for 
She haosace; -syor TTfanspohihSerfscs fda, for She noiaroA iaycr TNeswofAiatsaiAcc MP for she ianaiy iaysr TPams- 
\' < ft < 5 i h ' * n i < i 

he OS < s. spiri i -AaAvoA: i.ayei aari a A* asr caiiac Asrn;iy Sas;; Ay Says 

coniaaa the aravrap;a:;aed pordoa oS da? opi Asswork Layer eucf; as rGUtiap inAaaaAioa. The AeiwoA Payer containe 
iriiosdietio;-: isiaiive Srs a t s \ . driiieom; Siidh :is - ace: address and Asa; SAP TPs a, dene to eaeure that oniy 
one ospeA such as a saraiiyL-iiyd! osace; sseys rosiden; in sne syssom keeping a;; fan g;ob;a iriforosation ioiatsee to the 
proiocoi. As CiiSh erisieanrs a; croaied ;in;i ddsiicyce: S;y She dAeh . N ^ - v ii;c N aiosocoi iayci a < ! each 

s I . fpociis sssiy rasiaeni 

T'hSCP:X:fcSo cisaajce are de; aed from the indivtdaaf lAcdace ciasses For axais.atc : as ;s daeesead sasAss coricreSe 
irAeeea sas? proasded for iranspxat. aeswork. and Srasiiiy Aioaaon ai.ssses fr;r a eafSio:;;; : ;r proSeesT e.g . TCP.SP. so sxaiei 
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yafaia.,.1 

as jnexitioned above,, the protocol Seiorics object 

Follow:; af? are the loss of oethc-cs chat are provided in the 
M'?o coo otos ~v ^* 1 * ~ t I 

in ttltuoto and bine a local address 
Oobins a. local address 
Orderly release initiation 
&cfciiowls<Sge receipt of orderly release 
initiation 



Send 
Unbind 
gendRelease 
Re< erreRalaase 



Get.Ux:a"io«drsKs 
settocelAddress 
QetPfcsrAddrsss 
Setter address 



-Gat toe Pooo address 
■Set. the local address 
■Oat: the peer address 



On Pvrooc<.ol:-.;o 
Gat PtotOCOlOptioSiS 

f - < t> * e 
Set Seauest Mode 
G&tKetry 
SetRetty 



se? St o si ? 
•Of. session 
IsTaranspore 



-Set toe pro coco i. iafo 
-Set toe protocol out loos 
-Set ere request: oode 
•Set cpe xequese mode 

•Get ctte protocol layer retry parstoeter 
Set the protocol. layer retry parameter 

■■Get the protocol layer tioaout parameter 

■See the protocol layer t. i;»eoet parameter 
Get the protocol layer statistics 

■Set. the protocol layer statistics 

■Return TRIP.: If protocol layer is e session 1; 

-Re tern TRUS If protocol layer is a t.raoaport 



Oveturo ?;UJS it protocol isyar is a t.si.wosi: layer 
-eeto.ro r-o.O it protocol layer is a family layer 
■Operator for recoct ln« the object into a data 
Stress* 

s - toe oj data 

s t. roast. 
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G©t.co;r:ieci ioolnU 



-Cancel i>Ii the 
-Racs;iv<5 events; 
■Obtain correct i 
-Borrow sysitafs » 
fceturn systess » 
■Get the pointer 



Qer. c v. ioci='i addtes:; £or s layer 
••.1b \ the p- .sadri:s:s for & '<:y%r 



40 



■iii 
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Get Pro toco lint e 
SscProtoxoI i'alo 

GecRequeStKodS 

" ■> - 

hetRetty 
SarBstry 
Get.St.3-i sties 
Qa unmeant 
SetTioeont 



■Gat : c:s protoco: 
- sec the protoco; 



i protocol optic; 
: request: roods id 



at a layer 
■or s layer 
■s far- a layer 
as So? a layer 



-fist. the protocol layer .0 ' .y corcsceter 

•set: t at- pt tecs lays- ro ry e ecea 

•Cat:. the protocoi layer scar: 1st:; ets 
■Get: , > v 01 ^ < 

-Sec the protocol layer ctoeout parameter 
■Hixid a protocol stack. 



ivocevvo 
Seno 

Rece ivaCtnrnect tor. 
Disconnect 
s^ceiveD iacon»«ct 
AcceptCoanect ion 



SexwiRe lease 



-Send network data 

llco •: lata ars acceopt to establish 3 correction 
•Wait for &n attempt to establish conneo >: * on 
•i^rrslnste a connection 
••&ait fox- e disconnect ion 

•Acc*s>t an attempt to estab! isb a connection 
- arises an at. temp c to establish a connection 
■lessen for attempts to ssiablisn connect :ions 
-Listen for an atteatpt: to establish a connect}. 
■Orderly release initiation -•• ;vc o.ore data to 



seeeiveaaheese 



Oper;it.or<o~ 



•Acknowledge receipt of orderly relas.ee 
indication 

■Operator to scream-in coe object to a data 
striata 

■operator ce stress* -out the 00 jeer to a data 
arsteax; 



IsW" 0 t CfM< vl "O rO 

The t'o ^ t - of 3 protocol soot seen as TOP. ; 1e as a levered sei oi licked objects o achieve::! cv esreq ihc 

hi? carves as a base boss or ads the lay ere o? a psOocol ioipiecocOalsoo 

f h v v ^ ) U- coraeicsc;c;iK>dska ienttccsscthae Transact Coarser Recsoe ; acd Docorseti 

~. - - " v ! - ^ - CO 

The cocoosSs trasses for posccoo sect; as TCP/ip . - has; y - layer objects aed hco:po:aje • • s,-a i> 

t nf ix m 1 n 't i t f 
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anea 1 K ace i veHven t 
npcaot ist:eim.erc'ac& 

- • 



" - ^ - i " - ^ O ' ^ 

-Dispatch *»• event to S higher: layer 
-tr&nsmi t an event to a lower iayer 
•Kr.able repot-cario ot sv&sts 
-Cancel repor-: ixig of events 
■Create sr. re^erfaca object froo a i 
Get the po-;::a r to the nest: higher 



■Unbind ■•> protocol stack 

n an attempt to establish a oo " * " -O- 

• wa.it for aa attempt to establish cxamee-tlcer. 
-terminate a connection 

■Return the pointer to the packet <s«*u* tzm 



Accept or. connection on xt oat ion 
• Reject an attempt to establish a collection 
•Listen for attempts to establish cot; nee t i One 
•Listers for an attempt to establish a connect io: 
-orderly release i.ortiar.ion «> no -•ore -data to 
send 

knowiede t erct: c c « release 



operator*** 



the - - ' 



opera tor»--" -Operator to otr-arshal . Tprococoi layer P>\ - 

to a aatsstree;- 

5. Protocol SisPc Mschme 

This section cie&cnbss tie; possible states of this pfcsoco! Interface object for PoP> correction onented andeoo- 
neoeo-nisss otsraisoes. TPs- protocol state machines a-e ousbaisd :p RGa 'J A and SB Tnsse state tnachnes depict 
iypicsi cists eansitiocs ;o protocol i i > a paitcslaf irspismenSaton of a sa;!ocoi may x - to i, ( The 
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hm\m.o r % v " o o b \ai< 

protocol ;r;dsp-«ndensta wotad us© She stam machines described below and ths protocols supporting psotixroi indo- 
peadsade would impiar-aeni the state aaachlnes 

A p(Oi ' i J C i v i i 

These states ass lycos-sly aw- oppkeatioa staies. The teys: ohlaeis follow She slate machine which a parhcuiar proioeoi 
\!V» ;yp;eaiiy. those states s io indicate ^ eslls x a seer can a m dtitorora AsdpoaP states a how 
an apc-iscahoa seoaid be weboa The layer states arc ooateaSieci ay lha layer sesmnkes and slates. 

■ha Intorrasaoa oa the amm. m s-wse eapaafm5 a- scows amy ;o she layer obsess, a is sot possAA? ;o validate these 
v il l' ^ ' < f! i 1 v ' x % 

atet'sadoa ob.;eei A sacsws; lo decimal She eAccossSAAstemn oAeet 204 asoves She enopolai t;on- : tae <s!ile.mea state 
203 to as snteillaisatd s;a;o 201 

An instantiate rsosest 206 on Ida TAcceseDetmhon object, trmvas tho endpotia lo i saboead state 207 The 
Unbound slab! 2Q7 defines * state- thai ocesw iaeasdseeiy abar fh<s - - has a irwiaetiamd GAAA; 
oporabeas eon be sssaob 10 raeciey mesas. These- saquesm are :aa losper cached la ;he interface obmci. be; a; a seat 
to the eonesposdisa joyer -atAs:.; as amsesse-w mm sbsaae. A aeiastarmaw smces; 206 an -he -i7-wcesAssles;;ca 
obs;oi ax-ma- -he- e-adpoiot to ;he :o;;i:W.oad ease 200 

TPs eadpoiai mevee bcea ;aa sshosad stats 207 io ih-s soaao slate 200 wham ;aa Bern operation 210 is isssed ;o 
bmb a laaai address. As eadoom; So; coasesscsers a aseds -as es;a eaestor -;;;-a; »ep:a se-.wAm aad rocslwng data osee 
I; ia la tin? "boaad" state. Aa seised aaiaajai 212 issued to a slack In lha Sound eiale 209 repass Ida aadpom; to 10a 
aaboaao itbtae 207 

The stexipotat a-iaves;rorn tha based staia 209 lo lha fitsemag slate ;A0 whaa a tester; reques; 2 at ;s t a i > 

> -all a v. < t \5>m i 

t or iuaa as m ol stacks; ;o bs cajste; 

T ~ ^ c 1 moves hoia lha hoana shae 200 io ^ n m m iciiaai; sidle 2 ' 9 wnen i Caaaaai mouse; t 
210 :s ;;;sead < aa aataa; antipalal. As ii ^ :a v 2B. an tn , aeinp corsnarat-arsidra; motid ol samsae tat 
lha "Data TaaasSa;' 1 staid 22a tilts;- a si.;eaasstu mauaat tor coahaelion is aaadm la ilm case of a pasasaa and;x--;nt ths 
paaoaol stack u i ismalatag n lacaafanp c ' \i 1 da- caetiiaa a copy o; lha v " inOu-ace oba;ata ;aod 
asm lACdassDatiaaioraof tha raeasved aotaojatoa taqaest. > aewiy e;aa;eb oaOpoira \ s n pal In the m > no 
(aafvaO staia 22 ; t araia- a; or; tae do;Sei; ::aa troa! i > Llataniap alaio io the CcinaeeiaasS-aaat } - An appii- 
catma ^ aimoae to accept the aonaoci;on or iojeat tf Aa u 1 would aa; the endpoitrt i the daia 

caiaj-a or o;;e; the cona-eaioa a; ft;aatr! t at.-a by She car;ae;;;ait ;aa;a;af Nt;;a taal m sr.-ah ;■; arsac. tha tiapilcaiica; r:a:r; 
tsaae t <m m . ~s - io faaaaa; iho id:-mi ; -;otid:r data 

Tha oadpoaa n;ova:5 to Sbe inacava; siaaa 229 rvhar; ;a; ia;:-oa;;aa ;a>taaa;lion ;et;ra»5S is; rolacted ay taa ;-iapkcf;Sxaa 
Too eadpeaa o iaan discaraari by k;a;a::ap ths; dt-Oajc! tActtasaajahna^aa ap;ar;ata:a: 230 

.'§:. Aj-i Exampis 

la a- . cc-taelcc tin cxaaapio ot how ;ao ohidt;; <;;a;att;d fd<;dal at tbit p;eoea; awartdor; bit caaa to; s ne;wcak 

T:hs TCP/IP Ididrfacd (APi) ciassas are derived Sroat tha TPedoeaiimadaee , " 4A - the e;ass > 
amhy of soaaa oS the oPjacts ;n iho TCP/IP ia-;pla;aontai;on As abscessed aPovss TProloco; irttotasaa ar;d TPe>axa5l 
lavot - calip ciassas cS tha OtProtoaci Soivics class pmvlcitdo the API and Ptoiocal iammaisatatioa ~~ c Tbs 
s N T ^ " s > >• ' "t. Ax N i , < j. i 

doncrets dtissss oi TProtoaoiidierfaos that rsprasaat tha less a sport; ate baas. TNstwofKmtsriaas. and TFamllytetaa- 
btca eumssimor TCPdP prcjicmoi Note ;hs;; since tea TOP/IP proioeoi does no; have ;a noaoa o; st 'Adstborta thoro 1st 
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(co«0c-!tv«!y referred to as TTCPXSMP) are images of she TTrarisjxsttfnterfi&ce, sN&^klntsrtses and TFamify h-t&r- 

Xtse ciaesea for tPe ' a a paPaco!. 

As merProaad above the Ti:yXai:nkL.ayef 161 Is an xtpSenxaxasion obi-it! Soi a;; neHvorfc protocols in ibis; sanbod- 

X< 1 1 ^ ^ ^ ^ Is < 

sp{ - ; , ' s > V ; s - ;s hai the SP address; can bo pasises 

"T' ^.^ ' , xai contain She 4-byta iP addiess and a 2-byie pan addrasss. 

T IN , ? = < "is 

She n a ad Sennaa.'' particular syiXaxol kxHxsxo;kp;o;nccaePlacls. Hoxaaar Six.- ' >: ;;pa::caaa;':"ao;ddaisaPa an operating 
syaSem saxvkx; anaPai a Pa? names < v abioc: nxxie; oi >■ prssenl invsnsion " '\ i is >« t - a n< 
ban t layer in Six; Sallowing exa;xple. An anpiiaasiar; a;;:-: a::- .a any tx' ;ho iayers I; ceeid talk to the neivxerk iayes 
ok'scPy. ;j\ v ^ a;x aa aerx appixahoaa nesrenih/. These slaps aie very sinaia;' - a hiaa v N to those j a 
procedural S;xp;eexxXaPof> a; the ' C \ ' However, they am intern axed a: s;n , oneiXsxl oxxaor - 
protocol xlaaaee ^ < SPe presoa; lavensSon. 
vs t a \ < i i i? done b> < , 

TAcaassDsanPion object Pa; exansple, using Ci + a "new TAceessOcxaiSlorp is sonsSixcied. Naxi She TTCPxiNF 

t • - v 1 , 1 < 5 ~ -V ; s s 

n .fit < Or ' method a, eaSieb on ;he TAceesxDelinPion obpx.S n insx; creates T XGPxPVSP it, obprcta. 

in xop 303. u address is Pound so the ^ "! ~ ! ena'point creased :a step 30 a \ < & acconxGshso: ay 
cexifmg a T'rGPPra!«:aiAaa;asc aSpec: vain ;lx; reoisred iP ockirexs srorx the provxled TTCPPioiocoiAddress. o!as;s 
I ^> , U - \ * \i ^s s - ^ <\ > - X - ' ! i 'bV ^ 

ti t > x ^ v'aPis 

in SiiS oC t < ' ! ! ! 

ft - ' f - < ■> < - " i r h n i f 

;:vd-- ixpacip wiacb dsaa padarn;s ;ha nacassaay staps for satPng up a TCPA:P conaacPaa by aaiii;xt tda iawar iaycre 
n h ! t r ! " ~ f f f ^ t i 



Afisr a saacesaaii ocnaacaon. da;a -nay ba sens and racaivad ovar sna aaxkana pa;!aaai san:k ;n siap 30$. The 
application cails TTCPTi^P ■> Send;} and TTOPTikina- Raaesva; ; saaiixxa; la ssmi and iecewo oeSa-atk data The 

P'PHP -> a s N \ f a v -V ^ v/ , ^ t 

TOP pa>i;xa>i. The tkPe ia passed keni paa;o;x:a < abpaX X t ' a ^ < ; ;;iei;! . itx; Xasiii; iiaxSicn si t , 
propsaoi ^ and tana daiaasad to iba vrispaLii^Laya:' objac; So? it a . ■ ova: ;pe caix-aaascatiG-': adansaf SansPasy. 

S t t k J t < n v , ' < , 

piOlacoi ta:aky layer a ; iacP In Pax aassas H to ins apatopnata alack, la one bcaaevas inipicxxaxabcn tPa aaSa is aaauad 

vd);;p- ; takes; csas; ;P TtPPsP d!:ax;aaa<X sPa.s; mac'tana ta TTCPTIMP xisiah a-ipb; s;;xid tlx; aiaS.naa sax; siawn to lbs; 
•'tardy layer tor a pnnxsbx anpieixa-xaiion 

Flns-lly. si i STd. tlx; < u < i i& ak;;;at; by Pia ;iab;nng Siia 7Aoc;;ssDsknine:i 

H a;«y ia;sp the nsxkx to appiC-;x : Pa tlx; likaXaxkap daix'saas ttia vafiat.is ebp;ctS: and tlx; nntvxxk lay.a'B to tzim 
to F -• 5. At tba St f ;X t data/xa. she TCP3P eaxaxjiaxini aiecasatati anave in cannaaison aittn PSGs^ v and 
4d a. sbexa TCPpa liippijcatiox; 3Xa Pl5 Cisxexsac.xa via a io;:.ks;;s APi 317 boX: c-l vva;aP a;a m Ox aptiiicaaas; 
layet so she onject oatsXsc proioco- slttak in sne iayats paiax. 'S'ne TPrcPacaiAeaajse atpac; acaci by itsa soc.tvate xp; 
;a annate t> cea:ax;:actit:c;a endpolns is eas siioxx :n -be Sppae A sajaaaae naaa:a.«Pas;;los; andpoini, ar-d therefofe... a 

'u TTGPxisPP objecis 351 , gala £55 in she asinasax!. aeSwesk arsa Sanaiy iayers St xoida bs; nxXSiveSy rasa xtr user 

ckaesa 353 and TTCPPiXF aepxl 2S5 am provxiaa ;caxa>is?a ; ;;al;aXion Sa ' x iayeep nnnxaiiy by apasataa ixsssa; 
services. 

•aggers; f TTGPTISdP- ^Conrtecp; n;atriix; Xj conaaci So Sbe TTGPbiSMP ssbp-nt 359 the TTGPNiSViP-xConsxx:! 
;; axjSPod so conned to tne t i >- l Mt obisat 26; " ^ - " v. atssbod is triggarad which coanecis 

, tb > , > a 6 J ncssj P Ti VIP ?5? TTC^falMP 2S5 
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• re \ ■> a objects > in 1 transport, network, barely and daiaiAa layers ^ \ discassed above, 

! t send and v u metnods atiow n A data to tre seal over tire ptorecoi sack v;a tire physical adaptor 319 i 

! - >i Viva: 

t to .. i * P fR Hi H 

aa ecanreaiaaakon a;repoiao> are created and delated. A separate tamed and instance of aac.fi of tire other opiseis 
25 1 . 253. 255. 257. 2i ^a- ad for eaci c. a ad 

la the casa o; a network oretocoi server with norer-Pally thoasanda of alien, coanactions are ovaPiead associated with 
such .an .rerangaraaa; coa;d cause p<;atornaar;ca pnreienas As; danressed in Ida Dyeaare; PAeaehon Past Pisnsreerean; 
seePoa beAaa are prsrere; laveanor; provaies a areaas to dynamically maaaga tire sresrekon threads lo raaxlarere 



sockets API 3 ; 7 or a speePAred NeiiPOS APS layer 33A Taos, tee invention ape coaterepanes reeApP arpAcrenres 
able to acaaaa ttio object oriented nrePreot 'stacks; of Pat present invention. Taoaa; appA .adore: nan be otpes;; aass-d or 
procedurally: eased, either sse;' lava; acescsreoes or operating sysnree pare! processes 

A similar process; as described above ia useA ta esiabks;e are SPA-AOS sa;reta Pots; thai as; NetBIOS does; have 
session Ayer serenades the API layers 31 P 335 aorareat to the TPSlPh otped 33? in ;p s session tsyet. After tire 
PeiBtOS tntadaae oAoere. TSAAPA 33?. OtAhA apo TNrePA A-a 1 . "AFPs;- 343 ,. r . c ; rretSIOS protocol layer 
ohpecia. TaiStPiP 347. TPTIMP 349 P'OAPP 35: . TAelpac pap l);ti oaaPaa. fire aoremuataaaor; pathway ta essata 
itsbed aaonaa are TMSfSA' oepre: 337 iParegh tire- protocol layer oereets to Pa ? Oatntuareayer other" spp As to are 
TGP/tP amixaaoreria Pa spatahsAhaysa oap;at 1 61 ;red tire TPRPP oarest 353 an?, consistent and s^rgijaa, , In ■ 
a sapaaaa ior4a.nca;- of aaeh of a- ;; -; otirec aaaatta a. aroatao raaa dcaatao a;r rnren a; a- :;5 r : cava aoranasaiaatior: aadpolata 

ii i i taxintisd f api > .t , ^ * > " 

IPaaa adaaiars a;ay bo asao for dtkaraal aaivvork protocols- aoncc'i-opliy aa ;ha appor iayara vail provkre daa aropstr 
1 !■ i ^ i ( , , f tit >< t t 

?. Protoco) UlilHy Ciasss* 

Tfajst? oks-ssaas ssns as;s;d Ire inn T~ > v a j i i - i it re airassaas kpjat a! ttios;s rkassass aesvs; as; 

paraaretars of yarious aretbods la tire interface and tnaptaarentatton classes 'Presa eitreeas h-phkaat iae aetrenc aatars 

? e^ arre <- re ^ dre^ re 

a. T Protocol! np? Class 

Tins, ctans IdsaPillas, vraajas; ariaraatariatir.;; ot ;hi; prc;i<sx>t $aca as; s;arvtaa fypa. faSiXiarea; racaasapa sresa. and 
sreredtbsd data taaata 'Ore areorere; r :; -c ; ; orea ot taa iaareitaaf raataods tna cia;,s provides. 'I'nese are asad >c spsaiiy 
tire aaapc < ■ taastics (ire re 're mo inssaa snxpx nts 

GaiPSDLiSare -Gat Pre protocol sasarea Data Unit nsixsrnyrn aiaa SaiPSDUSPo 

-Gal toa P-otorad Saivata Data Unit rraixlreare taa 

GetSPSDUSk-p? 
PPPAPaa 

c : x- re>P Ai/o Ac - aid! x msw 
i , s - ( s 

i i n< P iA - APat taa DAtanrrec; t nrexirnam sate 
SatDiscsjaooC'DaiaSitrss -Sat tt;a Coraxaa ' , . r r skae 

SatDlsaoanoctDtsiaAlaa -Sat ta;; P::reareaa;a Dssx; rr;axffa:ars acta 
GetPesvaaPytre -Gs; tire sarv:ca type soon as . , „ re a rea 

H Aof\ caTyp 3r — , < A, - 

(vice <■ . -Sal tps Sarvloa< Type 

■Set taa Service Flags 
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not Gciada any psrilc^isr quality oi saavice The concave Gass-as 3P5 axopcax; to daayp iroa: Pop TProtocoiOptiops 

v tneGdP \ Ppaddc Op! :OrV5 

GGGagaGGie -Gol tdd protocol linger t»rn--3 



-Go-; the protocol kepccave Bui;.?: s^o 

-S<J! 5 1-: : ? p;0?OCOl ReCCiVP B:.:iiC:- SPC 



The T'jocd^oo:^ aajpesoeiaieoodp nnata«e< ka>r ; dGecTor: in TPratoecGdedaco: 

Sand and TPro?ora;Layar:Xrr : ;;0 rneGods. The indications the:! ;xaa« Giea;! a send kaickan a;e as follows; besides 
diiOporddo a sc;:;i aeaapah 

kPusG a:aaa:'P ■nn-neaiohs pp:noapna 

G v nddG ^s ^ pad of aaaspage 



kSeodAS > ' 

f v > o'wtn jist 1 s sappc ) tdis cii 

> u 9 odt v Ss sendMod % ON 

-f - 

QsiTimeCiUt . ada; the send Gaoopi 

° dl !i-\> i n . 



t s Gas a;x -> 

Tan, eGss contains; Ice nadhope sad deGndara.- da sehmq flags; and laneoais vaGe na:ov:ag aePaoav dsds. TGaae 
- a- follows 



kPsek 

kExpsdiiedDaia 
kHecsrvijAii 

kD isca i d Bi diarOvo h !oa< 



-pook ass" dasa 

-receive sxpedH«d data 

-block uaG "a" dytos o;o racoivjd 



adsaaai Ida pah of tr 



aags that overflow Ga aannvs b 
^ broacieasi dGsgrapns 



GsiRscs=jv«sVi<>3:f(8)' -Go; Gp vpipp fora '•toc-dvaMociifiOf 

G-dTimeoi/i -Gp< the nxaave hrappaa 

SGTisftoopl Gail Ida ascaivo Gapcon 

a Sss'iC Cornplenon Glass 

The - , \ if ' d , ohioc! G , > s >> o sn < ,, - ' to a nelwoG pIj -and tf\< ( ; \ ; Indicates a « of - 
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send function and s;ao iraaaates tee tcaai number ot byses cant. The ?<: 

\N >-m J v n cc -\ « ^ 
kTimeoui. -send timeout 

1 £ ( C JVs' - - < 

GetSTatms > bar esndeacopieoon 

GsiBytssTrsnsterrsd aba; the nsnvder of bytes of c::e;ftt data sen; 
~ K -Set ibe namaer oi bytes oS ciient date sen; 



the 



a ^ i >n cf s ! ! i 



kPu&hed 
kNdMofsDsfe 

kExpecisi&cSOaia 
kTlmeoui 

kMesseseTnaxratsd 
kCanceiisd 



-normai comeiobca 
■sender "pas-beef the acta 

s s-or c 

- , o \ > 

eeoe-ve tifneou) 

-ps-ttsi msg & tee res; is ctiscarbad 
-canard request paeressad 



t 1 " f J 5 v. ^S 

sStjtSfatus v-5 ■ > e 

: SstStatus -Set the ReeeasCompletion sMus 

5 ; mi bytes o* a eat i 
SeteytesTrspsis; red -be; the number of bytes o! client data moeived 



asabea ;n i 



cade . 



t f t i 1 !! I t < v 

invention. Events are Penned for each generic OS: be/m end each Impienvsntaiasa of i^oset ;aye>e could choose to 
ids . I 1 N . s - d i! a test: s< jtion 1 

left saivanisge oi pa;y?r;orp)-:lsrv: and toboritaaoe In CO tecbaalopy. 

The <f v n oi e^eres based on , layers provides a . eaiecorbabon at events -s are stored 
reported fit a protocol layer. Wnt! das eaaegoriaebec events, can ee re-aaved lor a oadaeiar layer, s tf is; of intern 
the ryjoticatrens. - events may descnee concisions at tea oomrearaoation session of the cbeni has esriabSss 



aao a 



v > avt s 

between teysi objects 



the venous event obiscts. EG. SA is simitar te PiG. EG aecapt the; ri j - i si; toes the TPrry;ca:eiEaen: ccaes 401 which 
Is a subclass oi tno TgvsntDoftraace stass 103, Too TProscootEvonf oiass aDt caniams an onarnerattsa class ot eveats : 
ss set of commonly used events a; Silt OS! layers and resarvad range of vaiaes fee; "sravicJeal pfet;xa;s iay-er events. The 
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>i-i f0; -, e 



axnorn 



ml 
abiy in 



x w s evsmks are m sss bP vectors, in Pas okssa. , Pa; GeiCns nabhe-si rebaas kx; >js of ep 
thP object This P a typscal way oi specifying a iisi of options eveap; so ihP case anoiaer way msec: comosoaiy it to 
Use bii mask;;. Oniy a ernaaa obpab is; axaeaxi dao K; the power oi oeaaet orieaaad isxeinoPgy bidkxj as; data vaine; 

:Po OPpC: anb provides; nxxiaod to get ihSii-i. 

A psPssaas; nemxak proioco; may deiina pxaoaeb ovs;nEs> by radaenax; the even; vahe:x. in the TPsoPxxaxPeni 
ciaas Sonx; oi iae eonoPan; nnPhods ;0 TProioeoEven; ana Getideea; returns She event oi the index P c s HaaA 

< - i is 5 a Vv ' 1 5 nsaxbes of ev; i 

obanx GeekaeeaaPekmPoo aPnch referee the aaceses dePOaon vdaeh irxaeekea the enopoab Sa;Aoco:xOekaiPaa 
vvhic.P seas the ;ex.ess deiexaoa ;or !Pe arxiposx ansi p.pPvsxa vbacn SsPs a; soaps: even! in iPe TPrnkccoe" vera ohjec! 

a Even; kxerexa; a; a OS; Prjyse expPanafeabce; 



> ePcaaeee ;n ;Pa Proisxsoi pp^-sco pp x pp s . 5 caoa above, e; the preferred enxxaxxeok ;ha network proioco! 

riptoaj o. sfoiocoi speak. F-or exam: pie. a TCf-v;p stack map nave objects tot the 
he sisiaPP: Piper. Each saoaxab ;s;ysa' ixat;ei baa two event ansatacasa raxneiy 
xedbva-X interface as, defined x axe Tpxaocobaayet' object The feye;a use tee 
even; so an obpa:- in a higher fey as aap pas T:a:-i?a-;i;Evs;it nxePxxi io erexi an. even! 
:; a kxee; pxaosad feyaa h :ss ep !o a.a :rnpPa':x;e;3ta;n ! a pro; cool saaak ts; ' > > ovxnk; :e ;xaxoeba;e layers. 

'i'ha oven; reaped oaPPca.P a- she eorcPoaeP.ayar olasa are: PxpaxexPnaX which oPpxPches an even; to a iapbaf 
ayes: TransarakPvera a.aach Paraaaais, ;;;.r; evera respxab rxaxa; io s; is;we; feyap ResanvsrPvsaP vasiai; fesaxis evs;niis) 
y adci;np a '"k-aaorroirivrap oDjooi so !Pa PvsaPaaeaeaiOaeae .aap, Caaoe-RaceiveE-oap wb-an dt;a aaa.ards ihe pvot> 



cite sachoShsfio 

5 fieivvofk isaye;; a: 
jht iptestace and the 
'PpaPhPvarP reoiPod as peer 



3 kvsaP nxaaPxep: ny .ix\ .as;p!;;;.-x;s;o 



psoiocol saysjrs coniaKis a furicsion which an ssxipeiot 
ie th0 olasss Trp-ctocoiiatsaisaro :a > PeooiveBveni ma; 
bar a p;xi!cs;iaf osinxfxaxa;;ji<an s;rxip;;;ni. 

The TPveaiDePvkon oppeai is need oixa. fx, papa 
.ensipoeks The TPverkDsPraaor; rropaat asavsas as ;;r rx; 
creased -aaci doaeieb aa aoeoeo ea baa aeaaa : a:era Tbo 



Dsba: 



"stsix-8 of ihe T£v 
i!' qu«s.is oi TProts 



:aiaa 



rxaos 



; Taverv 
aiverPAr 



ibn base ad;a;s to; ine nbaec; haeed Akp p; each o; ine neivxak 

\PiV f> ■> s t 

aeoe ic moraior eveata over ;r;oi-;pio eonxnsinicaiiost 
^ n <{ f ' <. x > , 1 > it 

o irx ^a n t . i 
S'riinibon s;»|s;at: DsinstanifetaDeSlnilion v/haai ciasiroya; ;ht; 
which reosavs evaraa ircaa rriait:pie aiecks abbar :s; sr; array 

< X !P'- 



Reacivioi cvsaps on one ao!xaaja:eaaor'; ondpoa>; 



■a program satta 
inierfecs ob|eoi 



esinp ;ae Reaeoarbvera ma^aac; on .a a lacaaeco oi tr : a 
t ax; andpooxa arr^jesa; parkxaaa aaax; the TPsopxrob 
x; xaxiixat aver;;-;; a; a TP-o-os.-oiovani rippax ssrai ;hs;n 
atsaas a TPioioaorbvarP tapraX aonkxranp the sx^ente. 



axnaaioaaoa raxipcan; P iPx. 



ooiEvoiatQeaea 
reqaast ;s then 
figure shows as 
thts RecetvaSvi 
cccuis asjd hat 



caeahat ePsxnaky aPaeh 
to ine correspoedinp Pa 

-pace; The proioeo; layer objse; a: 
- a x > x. Xi 



iPn 

rataaiiy eosda;n iive TProiccoixvema apxxied ay kx; erairaaaa tix; 
<H>!<\ s! - a ' v kPo 
a; iayo- cipesas * >. , v is> as;ni as; a pman ;aar in 

an c •> ;^ 

a , - ~P v v 



17 



EP 0 ?m 480 A2 



Qepaasiap oa ;ae i eqsest ed e-ysouy ">-"" ' ^ may send She request down to mo x ~ N > 
us ing lbs? " V- ar"! s rn?t Cv von it ) method a; TProiocoilaye! clase Siediady; ids 1 \ s h, s;and "he rsqussi 41 9 

^ N N v. < ih^ >VvU a 

ft i \ an mtwl occurs s - ca ; v -he x - objsc; may repon ' aveai to a hiphar lave; 

•s; he & % tv>' % v ^ 

Payor enqueues; ids reporkxt >n tit-:? PioaxasEveotQeae 4:5. The avertt is; thee raported baas s;> ihs; caiier 411. 



Set tS SpS l'PfO!OCO:EvC:-:i Oityera a Older e.aaaX pecs cl Op P-apie ieadprsah pasxaahsaers; asc rca'SOS lor an tea 

endpoesis a e<. evems io be s-oniiored. The appii;:s:tion ;haa makes; a eaii to PssrervvdavraahsayO nsdhosi in the 
TPveenDeOaOon odpsa pesetas the cat of raqsested events, irorn various oodprsais. The RecexstvoaiAsy mioraa 
wsih s>veets : in a quaes sal TProisxolPveaX; or areas; out it seuxdsl ha noled thai ail ids. csxarnonissdust eestporrss are 
u< )t M 

HQ. 60 iSiessaiea tea s.arssve avea; flow over laaispio anopsials 

Figure 60 liieaiaiaes; "> receive ovoai mochaaasm , muiapte eeopoials;. Tee appiiraOoe casdsa; a TPversGeP 
lesion otiec; api aeuch eea,sr> as an even; eedpoied The a;xdaaaon deeo coaxes, aa aeay of TPeceeoataveaf oteseio 
453 oae pa; aadpetat Tde array oi reqeesied evaaha ovsx las: e-aapos'as i;> eassied as; a pereraaaar io too ThvaatDat- 
aRton Reeeiessevee; Aayo texd 'i'ae iSacravoavoarAay p aseieod creams a TP:oaa:oia.vea;Qaeae mv aad sends; ids 

! - f O k v. -> ■< a; ^ - a n it > -5 \< 

M N " >-< ^ "> r v 1 i 

id a t f ^ ( { \ I ' . I t n >it t. d> 

h tears i ac events reposed than a qsese would ae ernpiy. 
A' o j i 1 i i 

v O i ' a v i _ t ^ v - ■. - t^jp v v . i 

siili j savad ;rs :as- praiaar;.i i; : ;yar. n< p caa r:srna - t wrlb S:so;hr;r Raae;vi:aver;; \ an:;a io pat r>aw aaanis 
> s ato-c ' t ^ is ^ ^ "i < m\ to ids 

eiioni. Tar; ss-iiaeise; ae; of aaaaoaidva-ai;; ;;ae reiafaed ■•;> iha aaii;;f The; collected eet cA Prai:c;ao;avoea5 ■-.<< adaaaa; 



as ia a rnaiti tiasa^tp i;yatr;aa a atatxak proaatai aiaak sajaf; as; TOP/IP caa b« eiiieieotiY latpierFasaieai using a cireaO 

cervar \ni - ^ - aaty be > - < task using eaOMaOring. techrapuaa to Siippod a teres ese;t5ef of clients. 
To geaasaiea aa;iati ; atc:.p.r at;r;arraaaca a,fiar : auppatTag ;;; iapje narraatr of akeata. it is; oiler; aaasaat.aa/ la prsaiisjeaie 
a ia;e;.i sat! ot seraaf rea-ra.aes;a io a c-araauiar aax.asa, One on! it: si aaave; aetous's; a, tea r;arabitr oi aiiaaaiaa; ssavstt 

< v" > t >h \r 

as Vv'dtc 1 t<. «. , < 5 i i ^ ! m a> 

sioiotioa < ' t; aipai-weipia" seoeqi'; io euppoa tiia podo ra;seoo ret;a(foaser;te ar a asaavcrk arotoaoi ssfvst like < v 
pauposs-d i;y d'a; pfeseaa: :aveaa : oa a-!?er; acssinap up ;o aesaxat ;h(;as;ara;s ot r:;iarai; 

raqussisarfora i:a; siuos: . % e.g. pedafsaae a ^ arat xasava ; tn iwa infarihe ;a lail d;;plr;v r;i::a;:aaafra;ta;a 

cissada rsay pa vary iarpe Tracfaaafo., aasaaaiaa ;aa siarvar aa-eradion uoits. e.o . iaraads eiiiaientiy is sriiiaai to ida 
server's ■& titty io sepeoa iarpa aanibar oi ciiems saiisiaciory , v. x> 
K j , c x"' .a\, k 

:h;ofjds;. 1'ha. ;asah>x; •ertuaas: ft threads raa;;afeas; requ!;aa:i :o siarva a large ouraear ai alierPs -mMv'i i > J - 

5 :rx ens d t ;ne sea oc s ' . suroes. A; iho sasx ttms 

paraauiar aiiant vaiii nsst ii<5 ssfarystd iadssffaaosy xaaiaag toe saarvei tiaatasi rasoufrxss. 
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'tiv 1 \ v txe creaise aac reanagsci in a aanvrx thread pooi. Whan s server R tire; started sp : > ax 
mannaernafd thread x created in one profaned object oriented eirRodlraent. tdls x dons by instant axaxj a T dRixceR 
Sxvrn Rase cbaart xXxn can tains man-axis tor managing tde client pan pool aeci network serve Rereads pork described 
below The serves rxxxtgasxxk thread resoonsllde Sea raitse-aa-nxs-p a! tde seres; thread pool by ecaxdloatingRde 
creakon or ckdedoe a; ss;ser Rxsxfe ta ids thread pool- The txxvor mansgeniont thread R nosreaky aReep. \\ wri fje< 

Ida client and res sxvor raay coremsakate with ease other ssmg an RPC axadnanlsas Tda rexxde erocedere 
cat! {RPC} reaebaresen provrdes ids necessary repass! nxRng and aekexaxn eoafroi as ds.ssssoc; naiew Tda RFC 
exxRanisat aaa ta daa an lop ot !ndarn,;d excess comreoxaallon Rfeaxs precede ro call ;Rxd .services of tda ander - 
. j - - v , < • * a f fl !\ 

Clserit side, 

a denaRe<:esxRservcixK>rtp;essna ot clients xwsaaR date, repga dated 
&8ivsr sidsa 

a ReeoiyeReqsast e'saaesppXite; 
r - , 1 

T x ' t j 1 i tn vunt can 

t u it ! v. he 1 1 t ) ( ' j f a 

h - tt ] if thraart j. *a> service reqseeR received dean any member en ;ae <dxnRport poor d 7A iiRstases tda 
t ! in s ! <. f <. (. f x ^ re 

wdeteR -he eIRat and server appixakoa objects reside ia reernoiy afiocaxeb So cReasa; processors ;a a rnufRxocessor 
.to t 1 as i syrersrXncsi mekipfoeseare (BMP) a tda a . i m x J, an; i oiaeef oriented RPC re 

x piut iR f > i > < f 3 oed ak N < ih< 

machines 500 easy dava a plxaidy of cR-ai acaRaton odRats- R07 cosidsa! aaR': cap^Pda of faakaip cliara aaqaaaR. 

> x >> ' - )7 '5«:ad ;aaaaaqaaaia laaa 1 - N ' ' , ' ' ^ 

nxRax ir:a aa;a-;aadoa lo ida sarva; asiag sa IPC cRrc; 5R mnriin^ ;a a drda;a!d addrasx apaaa. 'V|-:s pxRacad R^ack 

•>cr;bs;d in aaa"a dadd; daka-a is ankiad ic Pas pnxxxi aaxx io daiaixax: xnidlax aia caaa; a:;axaaa of client -aak nas 

daeiaaasd a;ra:S tda odax anaxax. nan t;c- t»aid lawar, daaa av:aiaaia an and or tda pnxxad st;aX: xaaanpR cany aasxace 
R Ra adxa piccaca. Akdoaaa oaiy oaa satva;' x patafad in taa dnexax. taa th: aaa coantino obxat caa kasa txtak of 
lit client ace-aaate at . akaaiiR oi ae;vaf n;:xkaaia5 a; tda neixafk 

Pnaxia-s!ia:i it:<a !d-a aaia:;a.:xaa:ia:-: patd »a -iv.i itaraas ;s eRaaXRcxi itx; aadoaai -Rack aid ;ecaivaii Phj Rie:at 
a-aaacat xtaaa ;i sands io iho s.a-x.ifai part obaxi a a" xaiat? aaaapx a aasaian peak a aoaaaxiaiaaiioo aaapcaatat Re 
waver arid The ekerd sar;aeat a;aag;xa; a a; : aat peat tiXir: :ae cR:a; pooi onpxk 52 x Ttie cWwn por; x a cderti coas- 
rrsunRidioa eneiaoa-: xdian a:- i'a'arnaa ia tda eixni pxxoco! aiac.k If iixxa arc aatia:isni :ara«0a ixaiiadla a.i In tda inroad 
pool 522 ?A -he se;vev Tin; sot of network p;aaxrrd se-xar obiocla which faaaage iao aesRica; post alkx;a5:oa ; the aik.'sat 
pori pool and the thread pooi are dascraxd in graaiar aex : ii aa:ox Oaae fhs Raxda. ciian; pad and -xxxioa port have 
r.-raaa aikaxxai. noinraarriafaioii aars pracireci nalbe saavar aet RPCakPl radpaaa SIS an-a aparrarl io tPa :x:?va; aarviraaa 
517. 

The dynanac >s ' rrairfifirperaara: ;aai ado ae parfaaara:; ai rr pxanxRrRR ar : aar! syr^ara Aa;rj .as 

R'R arRfi .xixaa anaaa add. ;a' ; aria-raxaeat xhereia a piaatRy eRRea: aaaR ; add Pdip Pdd are nsia;ap ;a ax rxrrne 
raaxbxe ae a eervar task 540 Tao clianl tss-ks aaad idea xxpreRs ;o the aexar 'ask via a Ratid eaie RPC library 

t t ~ - - < a v s cn - 

ia ailocafed by ihe s;?;ssicn pod piacixas add ana a xxa; pad is; aiixsfiiacj taart ihe cxea: por; pool 547, Threads:- are 
assRnsd a a fixeacf pooi c so that fix orotocol ataak 55t caa fxtixiio the Rksnai requests out to the notarork 553. 
The ourpberof ihfeads within the pooi is aoaifolled by anvsrea sysiera eonfigared v;a1;xd;x: Ttjese v;a;abk:;s rrxx 



id 



be modified by a systems administrator with a user conSgeaetion program. 



o X') i N J v i s •> \ m 

maintain she tchamacr: number o! Poeads used ;o support a typical server load o; eiisnts. 

s, 

o nan < < s - to s;s oh ss used as 

s-n s ; v a •> i 
system. 

as o sivaiaReq} - This is me max imam camber of cormarmnt requests < she aoea clash is ahooad 

o (Tbmns-eeaosj - Tnis a? a--; tots camber ot threads created < service a; cisec! reqsesns This veins is always 
eeioeen the V Ooeada sad > > 



iS o . m , 'V 1 i < 

o (Uramedtn reads} ■ < a; e;e number a - * threads o am ; 

p pOismifhreacts} - For each client, this is the asetber of active requests being senneed by me serves 



The aemne; a! no eecs, : a am poo! picas: m abaaaa dyafiemcaiiy cased on am aeomar oi coocarmaay aciivs clients. 
The processes- or noshads in the cagera oserusd embodiment seed to nonoms the namner oi -dreads a. discussed 

if 1 v <i 1 i i i i < 1 i u 

the chaos request, a t in amp 5'/ 9 :s <M to dnterfhies if ifesetssmThreadayr s lf> ^ 1 •• M h - i it 

Suit > < a \ . i » >• < v. Nit 

'S» toe new clients;. 

- Step 1 t t 5 i < f I ill I 1 ) 

incremented by (ataaRacg ana returns to step a? - to wait for a - cheat to request a session 

t { m t n < a i ! i iii 

threads vUd »e exceeded * the ciien; ncaaes; vane granted, "ins lest ot amehier ahOeThieads} <. f 

as , lift i v < v , 

to s es v ! - ^ - aa ij,, 

■aisxRecg Whits the psosess in mo msas loess similar tor this branch and tne one eescaned above, as cascaded 
betow the management thread veil increase < thara-ds asyncfaomajsiy in the thread •> t it iimuh is -mi 
based on \ , fRescrvedOtaci-am; 

an ) t i j ^ \ i ti J< 

ss raymacd in step a8r Tf.us-, the server adnonaasrs ctient scssio;; adaaasioa control to avoid an ovsrioad situation, in 
step 588. she acrve; soaid enter a aaai state i.aU:i insea-da ;;ae aaea m.d i;y otim; raiertt teaks potaabiy laiorrfang the 
raseat <3i Sf;e araa state Aiicrnsnveiy. tea saavar rteaid ;asf reeaai the chert; raaajas; a;x; allow tfte slaad ;o ay again iatsa: 
'Tea psramocode txS'oa provides ao exarapta a-' iraptemaatlng this aroseas 

as hi ^ S«iV« 



if \3 hm 1 1 t ^ , - S1 s ~ ■ - 

i-e in 1 v ^ t f\ ,n - a! o" 

it - i no >o e^t 

dv i i v. c ^ a 

<. ^^ si ^ " - ^ 

•o da-eariine whetfter ti-;e atiea! sask has sonas avaiitsbia threads of ;ha allowed numtata oi tftroeds a; the saivei; The 
test if -an hi t is < \ <v a can he ussc to detemane this ?ach it so ; the client rcouesi rs ssnt to the server in 
" " - m N ■ , !. o , , -' m ^ ' ^ , >^ tit - 
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J > of She aiisraaed niaTOsor o: inroads at ins sonnsr are in aso. iao ac'vaarSc roquasS is t )' repxaaq or pat into a 
aaai! state nan: sh<s --! jf^ji-ir of v-oncsoarr raoassat p-orr; ass nsant is iass thrsn sMaxReq} in afop 605. if in a wa;t s:a!a 
aao o: -.c oi ;ao aiiosaeo Jr. road-? n> reieassd, sire process can proceed nonr siep 60S So sssp 607. 

ASsodopsciod si'i FiG 88. --t tm prooess on fho s^rvor side- So; assigning sasvar shsoad in shfcad poo! to ss$vi«8 
ciiani rc-t::: sssis sac; .sdniSSras; sire noaabef of threads in ins pool in ssap 611. a s.oassrr staoad is .sassgosd ;o a ciierii 
raouosi for Sho- duration of iirno foqasad for processing ;he cifeni reqoosa in asop S -3 ttar ii/sajsooTPrsads} asssabSo 
is doorc-a-ionied. A tost is pedorrneb in sSop 6 ' S to daioraaoa adiotaaf she raaaber o; inroads in tha Shioad pool :& 
aoaapfanis. Tns sas; S pStnasadTtaoads; -■■ tMsilnroads; § ;7ots;Tbrsaos) < i6b;»Thaaadsn; is ona iost ;o pebaaro ihio 
a „ 1 s v v ^ a - : s s v - - > ' ^ 

. i - , , • a ' t s \i „asacs 

c; ions issues network ste-dosso to too .server 
rf fCiiorioThrpsds; < W&xK&q\ , 

Besses' the raqnoss: to the server. 

trscrsmsiic iCiierttThre.ads; 
also 

Kay ear ahe notwork rsqxtost 

0<M. 5 " v ^ * i <■ 

> ^ a v f !> <= 

i f Sv-rsUsadThread! < spirophore add asm V:> r a and < :*ax?areaa5 
inr-iiMse threads in sbe thread, poor 



Tha proaaoa taScavad ay the aSe;;f and s-arsar arbon iha sarvof compiles; a adao; aaivvofk request dopiossd a: 
S3 tfv in i v' K t " ' - i l« ik t <- < f 

62S in siap 8P7, !ho ropiy ttj toa taioni reqoesi is son; via ;ho p:o;:-xa;f siacSa Toe sravo; tnrarat a; 1 < sairanefj to i 
iiv.^d-'O i - q. < % !> ~ * vfv u f s 

Opt ! ;erv , 

vaaaoio ;s daca: aaaatoa; so aiiaa ; otirar aiura! rasas to ass tha ciioai's aiiooasioa of aor:ara.a;iaa!iar; iia-aads. is stars 639. 

by s: iaoef < toy sipraas ior t:h'aa«: aiioafsior; whaa tiro r.a o' asasod asaaos ;a ifso ;i;rora; p;xa srsii; tariovv srsrto 
iower :anis A iaa. it portarraao in s;aa 663 ;o oaiamaaa aareiho; o- i0 ;a i.h;aacia aaad :o ba aadad. One saaabio -est is 
it (pjasoadXnroada; a iKdnTaroaaiaj & nbdsThroada; < ifda:<Tta-oa:a;s»!. !> aor SSas naaaagon-ion; tiiroad qtjas hzok so 
saap s-iSa ; ssrp ca55, sraria s Kidaai So Shs tisrsasd poo! aacordiaq i a osaaatarn 

Add iiS.iraaajtiTaroraisS - { WiqT h roads oumbor oi tisrsascia irao pooi. io siao 657, iaiaaseq'i'aiaadsi aas sot ;o eqarii 
fMtn'i assidst ro:>io sna; Siaoads a,a; oniy Sas acidad anon iasfOsaPaiaiy wiaar; Uousadihaasais iaiis boiova ;s,« {fatrsT- 
hrsad.? • iifSiii, O;ao;aaisa iaraaos a-iii ba daiayad raat:i ;ns nsat amor sovoivaj in s;ap 66a ifaa ; ibaaTa'rosaOs} variobio 
;a ::so!Orr;ar!i.;d by t'ta riarabor oi Psaads acidsq Tho aaaraqsaiora tirraao grass bssaS ra siasa. idea 664. 

~" " ,v < V v " l \ v \ \ ^ t 

tioaa, tbs slbsaif hssaaiss vaaaabia a;:;; rataa; io (ivtsrThissasb ovariasaiiy. A tssi a< siop 666 riots; roinas wtarsiasa Sfioro are 
> t v tqroods i;r shstnrsao pooi. The eqaaiion i! ^ - ^ > ("bsaiThfsacjs; 6 iiRassrvod'throads; 

v 'M i- i v ins; t v , i: so. aseads aro rsfdod ic; ( irataari ^ soao;«aig So tf;a apaatioa v , 

vaf i - ;7oissTnrs&ds}a ! stop 67a iha (To-ad'h reads; vaiiabio is sot - iRssorvsd'i'nrsarJs}, ^ manago- 

roent inroad goes back io sieap. siop 67a 
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T >. ica "k oi'thss t )X" v ! v v d •> ,« < ^ iof aaaa- --a norma: ^ 
are | \ v - * > ibrsad xii <o asfvica c^ant faqaosts, up to tba baa; asiowad for i 
will bs starvna inc:;5T:r : iis:y vasibng for raanaar taraad rssouaaas, 

n to ttm ! < f \ov > 

rs;Qki3Si. T'hs ovefcoaaaipad aaaaiS atsoufaas aae aaniaiaasd by paaodaadh/ pining back 8' 
threads to " 1 ; in brass, of inttadviby "i'he - i naaiba; o; saavai' aaaads j t-c poo! < 
ffqtjfec! A •> T valaa. This arfanea syaaarn avaauaa; a;; aaaiiva a-aaads wiii b» Kop! < 



WNa a baaad ao<a aanaaps aaa, aaaa aacn used a gaaaaad in a nadbdhrs&dsd . ^t^v ;^ " dynaraia 
;a:;pjsf;aant of she CGnaaaabeaboa thread aooi aas;ad or; narnbar oi cise.oh; and oaaa nsaga ha;; no; bnen doaa before 
* i v.<i baa aqua: apsacaboa for senang long o; shop iunnmo oifont requests ' ;ha use of a spread poo: 

to tj 1 - i i Meiwark Protocol Se-ves funnsra;; at . ieva; nao aai been ;apaena;aba:; ;a she prior arr 

! ■> i i ' \ iUi \ 

support a Saapa nuafoar oi obafbs a'daiaatiy Taa solai-on is aspacia^y asaa;; Pa sysssaa; aaacb do aoi have a iigha 
wesghi win o! execution, a.p * auarbranin MVS aaa aioay \ x based eastern;;. 

As aajatiGasd abovn. a aanraorb P.oioco; Server a::Pn>g baa above akaaabai can ba imppspanaed adnp obpsci 
c-uanted brdaxnogy by aaOaiup a se: of fbedaota Saavor anienss Tan !ab;aaap a, aa example bebaiSraa o; taose niaaoea 



Network Server •■ Class eoestruKtor 

AddC; :sr:.v?- ::t . ■ Add the Port to thy Ciiest Port Pool 
B-soveC; : errors- ■ ssroove the Port dieat ?ort Pool 

AddSetver-Thread Ma 3 Pbr'sad to the ThraadFooi 
OeieteSarverThread - Delete a Thread i rcr the Thr«a«P*>l 
- % \. . • - s-sarags^as;: Thread entry 

Sxecutefhread - SetworfcfbreftS Entry point 

private; 

aegisterstessss • Publish Server aaaas to be available to 
\ t „ Threads; class using f r^twork server en 



?Netva>r;tTSreadHaT ; ile • Class Constructor 

, * kTr tdHan.dit Mas < < ct.cr 
t'ork • Start a new thread executing a class idsnctiot; 
Join - mil for a th.raa.si so coispleta 
Release. ■ indicate thread can delete its object 

■lass for Network ciiere. /server conatiufxicasion 



void* butter, int& barieid ; // duffer used ;<>;; 
nbo rod or bo ioJ 
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iccaast paeaippa i< - > 

i U ft Alp; 
:5 c ,wv v,;.ij.i a bopx ypp 8C ePae P : 
-w-^ O'" t x\<: s. ^ ~ " - - ^ ex 

Rs;cs;ivaRequeSt t const i>:H'v„i;S ciisptisa 

:Pxxxbs:A p. srr\a\ peaA.AS n<ravaA laakcpor a 
aa. ' - * 

Seaatappi y tcoasa porq.p.& ' " < - , 

bufa.caA ; 



AptTAakAAapacp^ 

ArmbpaPae Xiateo aporaesxaaiioa at a;qaxnk paxoaoi exs XisP ka a ebaaeae;var exsoi is presented a the section. 
TbeoiAppppdnaab ■op;dsoalat;oa o? ppxxaP rsqsosts is o; iixpoaanao whencvef the protocol APts aro otqoA osoappi 
and the protocol ie>p?aea?etaaoe A also obpap oaoaasd kha opoo; based d An? raqnosis io access nobaoA; pnatocoA 
aro stint to sac serve; cart ia Pox da;;ve; these a:qses;s to tho app;oeaaie ostvaxk protocol isye; object . This invention 
pnjsoats a asa< saasexi tor Paaspoaag the elArs rxv.work naqsasis aad okbaaaiaq Aaa> io ;no aaproanpe network 
p;oa:>eoi layer tha; exahse. on kx: server and renieviaq ths; resAki of the axpiest ;o the ckoo; application. Tha ckoni 
requests am prappao' ie a "Aoxvork OeoaAoeb abase; abaca cancans a:; -To necessary axoanakoa so 'bat tee sacvo; 



easocoi stacks p;ovAo vaeoes aePena paPeaoA cPica ;ssn;eoa a rssaaek carves cad kxas cease a co;nmsn:csnoa 
i v « t v. - < s s i t n J 

^ \ , t ^ each as sending: sense t < ieqossi needs so t <. conveyed to the aoprapaabj aetwoA pcaoco! 

t i n tt ( ! I V I 1 1 X 

takes advantage a: poiyraorph;s;r; so that < - process of < n ■> sseh cepae-sts and proeeeinng ft a, at ! carver, 
remaps the scans icr sit rear aabs and protocol :aaeks 

Ths; ckaat intertAco to ceases network proaxaas is paraarky vm ihe TPfotfxajtiataakaca dasas The pf-Qtacoi kapte- 
msntstioa is bssad ca the TProtccciLsyo! cisss to ajpiesaa; \ of tba OS! apkas Tiai :aPvvc!-k suasysica: coiaspts 

^ 5 t c < ;P/!P and SNA and t t t ^ h 

ajs-fdcait a; Pra sysisaa Ths stack oi TPfctooclLaycr e'eyscts to aspfcscn; tbc scss;o-;. ttaaspoa. aad ;xthao;k laysra is 
Cfeatsc i'ce ovary ciiaat er^poiat ana the ciaaP coai^aaaioatioa oadaoia; is ctesaaneo by tbo TAcaeaaDeiiokiaa obioci. 
AT Picse ixax.epts akiavaaf asaaaaa aah thair tijachons aa> descikaxi in iaa kk-ota:a:k intia iixio Mocad seeiioa above 



c:i;aa; P; ax; ssiver aaa vk e-vers;? a; a aaaaps.rtia: 
ihs p;'ov:oa ik r:Xi;:;a«n:sra to aoavoy iba cka;a a-ii'A 

kx; base class for ck rc-quesis. Fca a;x a i-coixaa 
oai ^ i v k Forevciy - ot the TPp 

} 'X , a a P. a i p, j 

0 saixaPopc 



Opcatstioa rspfcscn- sacaikc ;aqaasta fa:aa taa snteskkae Try} TNei- 
er s -i RPC/iPC piecbanisn-t tor the rsokcct to ba convcyscf to ths 

hoaob i by v \ , , - - > 

is iba coassqccdicp taaciioa oa tao approptiSsts protocol Axiioanea- 
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The TNshvorkOp 9 ration h[ spas has the Paciell; Ppaiaaaace 1 ' "io do she task f&qsar&d of it The Net<Wffc Serves 
\ at * s - 1a b ' - - s >:e ' , ob * 

kyospactivo os she nature ot see eiian; reqeess. The Exec step niesaoa for each PPep re-papas' cordsPia »k too oaeassoa-y 
sdfOfmstJOfs in ii io convey tba eherp eeqesssf so trio appropriate protocol layer object. 

Tps ThssPyaiayPpsaPton object oca aP.o he creased by a c.oeoaspe eks-a.s os TPeiiocc.a PPerOsse For rixyaocie is the 
\ u<S< ciasss os TBiadOp does f aahaly the nestds; oi TCP/IP Paso T'tPPaF acerbate ovsaaosss Pa TBinsiOp 0 caaase 
a r rCPBicdOp oPss Thea the TT0PIPS-' i rep;eserPaq ;Pc coneesle TCP/IP chant APS - a ,, she TTCPBSPdOp 
ebjaes whenever the cPaai makes; a Pac aipa-ad. Tea aSaib/ ;o laSsaP Pcan Pis; TPP;a\aorkCsee;aPea ckeas ;o redskins; 

Pe-aeP; ead £;o>.aealai 

the TTCPBPdOs object SPa' a; creased by Pea TTCPTi \ : F: Bsadp; eiebaed aaaa?- saa'ca esc bind express iron? a aliens 
sppllrsaisan. This c?venid<as >- P, t j roetPod The TTCPPeart Op 71 ? and TTCPPesvPOp ' P a;s; 

SX ) ! , t ' "P 

; iP'dttac 

Following are some ot shs wapopaas functions tha; arc provaied by Pas TNaloorkOes;a;Sior? ciaca 
Chase coesieactce This S'aacPon sass Sao paiteco- Poor ;adox so search SPe rsqaesk is bono raacsss by Pic ctpse 
appkestbon 

The iayar a-aoa identities aeiesher Pe reoaosr shoPo be asai so sea 'Paespoa or PePvoar or she Paaep payer at 
the protocoi stack 

Fxscaia;;. TPs; Pe;ct;ea a; cabad by she server aeon receoinq a 'i'PciworkOpara-loa object. 'i'h;& PiacPon pais the 
layer i i \ t h cpcaiSion objess, sroiisaPs, She <. <. n< pseanasPsas, i the opcaaPsai object, m ) o makes; 

>! so > acaiopsatss TPaaocoPayer object as the asack. Fo; eaanapio a TBiadOp Pxecaiap <. > t She TPaafo- 
coiL.ayer Bind;") acta tars 'FOpFPaPsi-eoiAddeass; oSpes:; ae a pararaePa So ihp Sinci'O tuaciba. 
Gei/SotLaycriadex: 'This facaiioa rehaas/saas sha icyar iraica in ilia opcaaUoa object 
tal> ^ v a - n > „ v! 1 

a ' . -a> >. s P ^ iv- ^ 1 - 1 P i ;Ca )s jo -'h 

jewsr a f n < "Mi- 5 sosv 3 pip adPss k 

Xh<*- o tiasag i;it: iocriPofi rSs-o ha^ pfafanaa:a t m j ;s : ■> ) ^ j sp/rajrasae: as s n u otitoci Iscrcaaad 

„v ssh s a -ad . 

SPeamaaa! Opaa-Ka: 1 tanraraa is craed !o f::;;;;cri an oparaaaa oh;aat fsnt; p[jt Pie data aieaibeta <h Sec object 
la So a ddia ssajoaa Pea axaoada, the osraaaaoa; opeaasor for lac TSaeaaOp siatsaaa a TPcSavorkP.cSdre'Ss. obptcS si P ;a 
sraadla;,' !r:e objoo; tfnar trie cilcn; A TPeratQp raay fiasaar; She baaar faatiaaaafa; ;aad TiPeiwcrrkAdditais oPpaeis to sand 
^ * - ^c t i st - * 1 

SSns;ar;t--io Opaoadt: Tr-ks f-jacikai is; rii;cc; t;:< rc-briilti s;n crpoai Pea) a data soaara araraa Pie aaaoct Is PPaiaosd 
sabvlaaaiy s P iha siacrsa opar?piaa o: Sbc Psraara-orP oacrasor cspcrasioa oepcis asa ihc laoasoa slap to siassea/ra- 
baild objsicts; aPlarsr; dab: stream;;. 

- , tu it s- , " > - ^ ( ^ 

For ovary aoaaasaaaticai or;dao;r ; ; arpps; a raaar crataaa sasra aiaa: be a. ansqaa PP that mass be eaaata;eep -o 



Pxecriksi ; rnrsbraa Pais S; (fi cti;ai caaaies a SarverSieekiaead obsect vaaiap arsraPss Sea psaSoco! Pyar oipcrse l-c.aa err; 
p'Oloco: ntt t,t I > < - kassps, a 1 ol iha po:ateiS lo tPcaa protocol <- obiacis ar ;ha TScivsaStaiSkktraar! 
o - t Tpp TPo:var$savPPaad poiatc;- is asorsci P a giobai sabis ot spp network starve- and - ;ncssx :a ssrcaaisdoas 
•o -he v. > > i. The PCiaaaSParklacr-e obpea: i traa ServarSiarsP-iaad 10 cod uses; a < all saesoqasa; ops;a ; ;ior;s 
Thus, sbe -\ vhM L serves as a ee:qse ID neswesa a client and tbe server Sabeeqaeat r. as a a as. such sse 

a TBIndOp \vhaa rscsived by si sasrver. P kxanas; the conia;aca;j;ap saarver s;;;aak rassid ssrrp; has; :D P;at is pasrsosi a; 
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■hs TBiiKiOp, 

The TCTpatoXeePHeed aaa ;he TtoerveaStookHead Pieaagx copiaxaaeatoas betxeee the PtoPt and trio eervea tor 
a given sadpokx These obiecisproviae the top asixeen axe TAecastototortoion odiec; which is toe client entipoint 
daetoe and She correspcoaing: sfaekof TProtoeoiLayer objeox; ;;xa fppraseet ihe epdecxd on toe saaver The toxxx 
Statototoaa aad she toxesexbacxHeae aaa copsxeie rap xxxealiy axexexd obxete -pap tox the cusp; aa« ins servet 

The following am s;orr;e of she xxxaXe'b tonctiop of TCiientSxxki-toad: 

1 . ProcessaOpersxorr This; function is cabled fay the TProtoeoilateretoe as Ttoaxa;sDabX;er ; objects bpr she TCto 
s - ttoto " s 

wofiXbpeistooa obsxh aad send toe fPatonae: opoasboe otopx:; to too sssver ssiap RPfXiPC 
pxatoanispx; exxdod ay toe systeps This . <\; sisc nXnxds ^ >, - a . - i 
object when pxs seexx' responds la ids aeqeeo; Psa; eras xex. fiaxeaiiy Pes tonclton aendo 
sax; receives, NeixoxOpeexen obex :a fa sax; Pom toe oexai. 

2 Savstoexeaaio: This rneirxat aa palled a:> s;ave the Sereetoexadtoxa ;D if? the CiierxxPtockHpsid VVbse; an 

AeeessQctoiitox x msxxtobPa. Ida eervpr sxeras the TAeaessOp obanx aato the iD tor 
the tonverexxxtXaKi t was x a x saxtpelat. Tlx; f s , x axes; ihis 
X vtoenevoi- feqeesto are sea; to toe servei „ „ ; •> 

3 Cixaxbeieqesato: Trap toneeon a; sailed xixexnxr P;e 7 Paxeecbaeatoap : Ctopcsitoxexxts; is castes) dy the 

ptoses appiicatioa or xhee client appxxbon tor axxaess einxeexXy The CxaxSaxxeisad 
; ; asXha St;rea:to;esxXe;e:too ds 

;aa eecessary elesexsp. 



T Class Paosshetooa 



?:. PraaaasOaaraaa: 



TPs oonsnxptor exsavax p. aaxX or Tbretopos pbalace ssaatos aad deXis Par cessespoab- 
- v ^ ! ■> x ni - x t a v <" 

objeati P'oix parxa-qaen! reqaeais 

""to t ! < i v f \ i- ! 

, x < xSfx ^ - 1 - - to^< " v s 

P f i { ii c x i i < ( x; tderi csssIp 

t xnx v d Xi w ^ pk* 



3. GptPx>;aoil.pyaa 



rap a ae:; 



a to tr 



; TtofpraccaLaye; ppxx xtven ar- ;adea ' ipdex 



•r-xiioaayraaaiaeaa 



irx; pioioco! slack. This; i: 



u 90 PaxhatoP ax; ciasa haaaaarx tor iheaa afaapii;. Das^aidax axr obax'; aaad;;; aasx; par Basato >x;toit«m 
e TAccassDafiaitioa " is ciaaaeci toxn T^toxakOtoinuep ;dO Tire TAaasaaDcrinPiaa ;Qi to ■> 

aairaaakrca xpp oojecap aba; aaaa;ix;;e iha eadpoap Tf;a TPapespDtoiPiaoa 101 ;-to;o conaarse?! TOiiiXitSPsekHsaxi 
1 which perdxraa pi! ;pp piian;-sc;vef eeeaaaaaeaaen priaxivp saaatiaas;. ':'ha TPefaaPdr-aaktaaad 'tad ip the seaxa 
taxaraart of too Clxatoaxxhosto ' TCiiaatoiaakitoax; end toe TSaoeaxSiecKedax pair rsararxarp; < i;Pk to 



5f PPX; 



xca daxr 



0 ~> 1 3d sto;y aaixoar raqaait axa; the cton; x eear le ;he seivto wiasppod ;p 5 s" V 

vvaaxapeexex; 701 adkari. in cpher xaapa. ;; ; ax-arxal in She TProtoeoHatoPee cferf!a;>aa r;ppa;pa;xa TraarwarKOtararticai 
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